Aim: Antimicrobial residue in animal food products is an important index of food safety. Antimicrobial residues could result from chemotherapeutic or chemoprophylactic use of drugs in food animals. This occurrence of residue in animal food products has received enormous worldwide attention from some local, international, and public health agencies. A crosssectional study was conducted from July to December 2009 to detect the antibiotic residues in tissues and eggs of laying hens at Chittagong of Bangladesh. Materials and Methods: Microbial inhibition test (MIT) and thin layer chromatography (TLC) methods were used to detect antibacterial residues in poultry tissues (liver, kidney, breast, and thigh muscles) and eggs. The bacteria and pH of the MIT method were as follows: Bacillus subtilis on test agar medium with a pH of 7.2, Bacillus cereus with a pH of 6.0, and Escherichia coli at pH with an 8.0.
Introduction
Antimicrobials and related other drugs are being widely used in poultry farms for different purposes such as treatment, prevention and control of diseases in Bangladesh and aid in combating stress in poultry farms resulting from environmental changes [1, 2] .
Many of the antimicrobial used to treat bacterial infections in humans also have veterinary applications and they are used to treat infections in sick and injured animals and as prophylactics and growth promoters [3] . Poultry meat is popular and eggs are considered one of the ideal foods that are used extensively worldwide. Thus, egg industry is an important segment of the world food industry and an important part of human diet. Moreover, eggs provide a unique well-balanced nutrient for persons of all ages [4] . Their high nutrient content, low caloric value and ease of digestibility make eggs valuable in many therapeutic diets for adults [5] . The continuous use of the antibiotics can be a serious problem to consumers because of the possible existence of its residues in different food materials from animal sources such as milk and dairy products, poultry meat, and eggs [6, 7] . Low-level doses of antibiotics consumed by humans for long periods can lead to allergies, and spreading of drug-resistant microorganisms, carcinogenic effect and potential harmful effect on human intestinal microflora [8] . The most common causes for the presence of antibiotic residues in food of animal origin are violation of withdrawal periods, overdosing of antibiotics and use of antibiotics banned for the treatment of economic animals [9] . Antimicrobial classes used to treat poultry are similar to those used in human medicine and include aminoglycosides, tetracycline, beta-lactams, quinolones, polypeptides, and sulphonamides. Microbial methods were the first choice of systematic detection of antibiotic residues in food in the past and are still mainstream screening methods. They allow determination of the presence of antibiotics in the sample and identification of specific antibiotic groups. Microbiological methods are better suited for the first step screening, but unfortunately, a single bacterial inhibition test for all antibacterial residues does not exist. Internationally recognized organizations such as the World Health Organization, Food and Agriculture Organization, Veterinary Medicine Directorate of the European Union, as well as the Food and Drug Administration in the USA, have set maximum tolerance levels or acceptable daily intakes for humans, and withholding times for pharmacologically active substances, including antimicrobial agents, before marketing [10] . Surveillance systems should be in place in conjunction with these regulations to ensure that these standards are met and that analyses can detect antimicrobials at less than the maximum residue levels.
In Bangladesh, poultry products are among the major sources of animal protein. Nowadays there is an increase in the number of poultry farms as they are considered an important economic source to increase individual income. The owners tend to rely on using antibiotics to avoid any economic losses. Routine screening tests for poultry products to detect antibiotic residues is not practiced, and there is no official standard method for detection of antibiotic residues in Bangladesh. Food animals slaughtered in the country are not screened for the presence of residues in any of the slaughterhouses in the country. No formal control mechanisms exist to protect the consumers against the consumption of meat and eggs containing harmful drug residues. The availability of simple and reliable screening systems for the detection of antibiotics is an essential tool in assuring the safety of food products.
In this study, a simple and fast method were surveyed for detection of antimicrobial residue in chicken meat tissues and eggs. Microbial inhibition test (MIT) and thin layer chromatography (TLC) are the sensitive and exact-reliable method for monitoring low amounts of different biological substances and qualitative detection of antimicrobial residues. TLC is analyzed by reverse phase liquid chromatography with fluorescence detection. Antibiotic residues might be potential hazards for human and animal health [11, 12] . It also may be an obstacle to exporting poultry products to countries where such use is banned. This study investigated the prevalence of different antibiotic residues in various organ tissues (liver, kidney, breast muscle, and thigh muscle) and eggs of layer poultry at Chittagong district of Bangladesh.
Materials and Methods

Ethical approval
The study was approved by Animal Ethical Experimentation Committee of Chittagong Veterinary and Animal Sciences University (CVASU), Bangladesh.
Study area, duration, and sample collection
This study was conducted during the period of July to December 2009. Samples were collected from different layer farms of Sitakunda, Hathazari, Patiya, and Patenga of Chittagong district, Bangladesh. The five farms were selected randomly from a complete list of poultry farms of Chittagong District. A total of 50 laying birds and 50 eggs were purchased from five layer farms. From each hen, samples of liver, kidneys, breast and thigh muscle were collected for laboratory analysis.
Sample analysis
A microbial inhibition test (MIT) was conducted on each sample of organ tissue and egg to determine the presence or absence of antibiotic residues and the zone of inhibition was measured for each as described by Choi et al. [13] . The whole egg was homogenized, and samples were screened by a modified agar diffusion bioassay method as previously described. The test agar media Bacillus cereus at a pH of 6.0, Bacillus subtilis at a pH of 7.2, and Escherichia coli at a pH of 8.0 was included, and isolates were used from Bangladesh Council of Scientific and Industrial Research (BCSIR), Chittagong. Tissue samples of muscle, liver, kidney, and eggs were individually blended for 3-5 min depending on the tissue consistency. TLC was performed as previously described [14, 15] for detection of specific antibiotic residues.
Statistical analysis
The data were imported in Microsoft Excel 2010, cleaned and sorted. A statistical analysis was performed using STATA/IC-13 (College Station, Texas, USA). Descriptive analysis was performed using percentages for each outcome variable. A Chi-square test and Fisher's exact test were used to determine differences between the proportion of samples that were positive and negative for antimicrobial residues across sample type by test type, media type, and antimicrobial type. Significant statistical difference was determined if p<0.05.
Results
For the test agar using B. cereus with a pH of 6.0, antibiotic residues were detected 68% (34/50) in liver samples, 60% (30/50) in kidney samples, 60% (30/50) of breast muscle samples, 50% (25/50) of thigh muscle samples, and 64% (32/50) of egg samples. On the test agar with B. subtilis with a pH of 7.2, antibiotic residues were detected at the following prevalence level in each sample type: 50% (25/50) of liver, 66% (33/50) of kidney, 40% (20/50) of breast muscle, 44% (22/50) of thigh muscle and 54% (27/50) of egg. On the test agar with E. coli with a pH of 8.0, antibiotic residues were detected at the following prevalence level in each sample type: 74% (37/50) of liver, 72% (36/50) of kidney, 70% (35/50) of breast muscle, 54% (27/50) of thigh muscle and 60% (30/50) of egg. A test was considered positive for antibiotic residues if an inhibition zone >2 mm was detected ( Table-1 ). There was no significant difference in the presence of antibody residue by sample type for each media-bacterial combination (p>0.05).
MITs consistently detected the presence of antibiotic residues more frequently than TLC. A significant difference was detected between the two test types for the following sample types: Kidney 66% (33/50) and 34% (17/50) (p=0.01), breast muscle 56% (28/50) and 24% (12/50) (p=0.01), 50% (25/50) and 26% (13/50) thigh muscle (p=0.02) and 60% (30/50) and 30% (15/50) eggs (p=0.01), respectively; no significant difference was noted for liver, 64% (17/50) and 46% (23/50), respectively. Within one test type, there was no significant variation by sample type (Table-2) .
To detect specific antibiotic residues, 250 samples of different poultry tissues and eggs were tested using TLC (Table-3) . Among liver samples, 46% (23/50) were positive for ciprofloxacin, 40% (20/50) for enrofloxacin, 48% (24/50) for tetracycline and 42% (21/50) for amoxicillin. Among kidney samples, 42% (21/50) were positive for ciprofloxacin, 36% (18/50) for enrofloxacin, 24% (12/50) for tetracycline, and 30% (15/50) for amoxicillin. Both muscle types, breast and thigh tended to have a lower prevalence for specific residues 30% (15/50) and 34% (17/50) for ciprofloxacin, 20% (10/50) and 24% (12/50) for Significant difference detected among organ type for a specific antibiotic. CI=Confidence interval, TLC=Thin layer chromatography enrofloxacin, 26% (13/50) and 20% (10/50) for tetracycline and 22% (11/20) and 26% (13/50) for amoxicillin, respectively. TLC of egg samples determined that 30% (15/50) were positive for ciprofloxacin, 26% (13/50) for enrofloxacin, 36% (18/50) for tetracycline, and 24% (12/50) for amoxicillin. Although residues were more frequently detected in liver for all tests, the significance of this was not able to be determined based on the statistical tests that were conducted. However, there was a significant difference detected among sample type using TLC for tetracycline (p=0.01) and amoxicillin (p=0.03).
Discussion
MIT and TLC are used for preliminary screening of foods for antimicrobial residues because screening tests should be simple, cheap and fast [16] . Poultry meat and eggs are important foods for fulfilling the dietary needs of ever growing human population. The uncontrolled and unlimited use of these antibiotics may however lead to the accumulation of undesirable residues in the animal tissues and their products [3, 4] . Notably, antibiotics are widely used in modern poultry industry in Bangladesh. They are used both for the prevention and treatment of diseases as well as feed additives to promote growth. Residues in eggs may be produced by administration of antibiotics to laying hens via food or drinking water used by veterinarians or farmers for therapy, prophylaxis and growth promotion in laying hens [7] . The application of plate microbial assays for the screening of antibacterial substances in food or feed is widely reported in literature [17] . The presence of tetracyclines showed the largest inhibition zone around the samples and the positive sample indicates that presence of tetracycline group of antibiotics. These results are consistent with the previous findings [18] , and they detected the growth inhibition of B. cereus on an agar medium at pH -6.0, and also identified residues of tetracycline. The current study findings differ with Okerman et al. [19] , who reported 86% of the meat samples were positive on MIT the pH 6.0 test agar media. Liver tissue had the most frequent positivity rate for MIT in comparison to the other simple types, but this was not significantly different. Our study demonstrates similarities with Przeniosło-Siwczyńsk and Kwiatek [20] , who detected the beta-lactams antibiotic residues using B. subtilis strain Brilliant green agar on test agar media pH 7.2. Okerman et al. [19] found amoxicillin residues in poultry meat on test agar media pH 7.2 using B. subtilis. The kidneys were most frequently positive on the MIT analysis when the test agar media had a pH 7.2 compared to other media but statistically had no significant difference. Thus, in the presence of fluoroquinolones, the plate showed largest inhibition zone around the sample, which indicated quinolones residues. Okerman et al. [21] reported that MITs were suitable routine screening test for quinolones residues using E. coli as sensitive organism on test agar media pH 8.0. These study results have similarities with Choi et al. [13] , who found more than 70% of the poultry meat samples showed positive on the test agar media pH 8.0 using E. coli as indicator organism.
Chicken liver had the highest frequency of proportion of antibiotic residues for both MIT and TLC compared to the other simple types, though it was not significant. Similarly, Naeem and Rafiq [22] and Amjad et al. [23] found that chicken liver contained the highest level of enrofloxacin and ciprofloxacin residues when compared to the kidney and muscles. Andrej Kirbiš [9] reported tetracycline residues were most commonly detected in poultry liver. In the case of ciprofloxacin, it was observed that liver and kidney was the major harboring site showing the highest proportion of residues. A similar finding was reported by Naeem and Rafiq [22] and Amjad et al. [23] . Enrofloxacin residues were found in different percentages in liver, kidney, breast muscle, and thigh muscles and these findings have close similarities with Amjad et al. [23] who found that deposition of enrofloxacin as 44% for eggs and 57% for kidney. Amoxicillin residues were detected in various percentages in liver, kidney, breast muscle, thigh muscles, and eggs of laying hens and this finding agrees with Popelka et al. [14] and Thangadurai et al. [24] who detected amoxicillin residues in poultry meat using TLC. Tetracycline residues were found in livers, kidneys, thigh muscles, breast muscles and eggs in various percentages, and this finding has some similarities with Salehzadeh et al. [25] , who detected that oxytetracycline residues above MRLs and the percentages were 28%, 95.55%, and 18.88% in muscles, liver and kidney samples, respectively. In this study, we detected ciprofloxacin, enrofloxacin, tetracycline, and amoxicillin residues in table eggs. Lehotay et al. [26] developed an efficient multi-residue method for determination of fluoroquinolones antibiotics in eggs and found 60% residues which agree with the present research. Yang et al. [27] detected presence of tetracycline residues in poultry eggs and Luboslava et al. [28] identified amoxicillin residues in table eggs. Evidence suggests that more judicious use of antimicrobials in food animals will reduce the selection of resistant bacteria and help to preserve these valuable drugs for both human and veterinary medicine [29] adequate withdrawal period should be observed in all slaughter animals following the use of antibiotics. In addition, the use of antibiotics in food animals by nonveterinarian should be discouraged and may be illegal for certain antibiotics. This study demonstrates that high frequencies of antibiotic residues are detected in layer chickens and eggs.
Conclusion
We concluded that the test organisms B. cereus, B. subtilis, and E. coli can be used as routine screening methods for the presence antibiotic residues in poultry meat and eggs. The method described in this study is a simple, easy and less expensive and can be readily adapted by any laboratory for the detection antibiotic residues in products of food animals. The tissue and egg samples were demonstrated by MIT and TLC to be contaminated with high level of antibiotic residues. This indicates a clear disregard for withdrawal periods of the poultry products. The use and sometimes misuse of antimicrobials in food animal production has resulted in the emergence and dissemination of resistant pathogens and resistance genes. Further investigation is required for the quantitative determination of antibiotic residues in animal products.
